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Results & Conclusions
• Why Single-Walled Carbon Nanotubes?
• Unique physical properties
• High carrier mobility
• Strong optical absorption
• Tunable electronic/optical 
bandgap
• Potential for many applications
• Thermoelectrics
• Solar Cells
• Transistors
• Sorting Strategies 
• Some polymers are selective for certain 
semiconducting SWCNTs 
• These polymers are not typically removable 
which may limit performance (i.e. reduce 
carrier mobility)
• PF-PD, among other polymers, were 
developed to be selective and removable
• PF-PD is also inexpensive and recyclable
Project Outline
Schematic 1: a) A general design for removable conjugated polymers b) Proposed
separation cycle. Inset photos show the polymer solution, sorted s-SWCNT solution, and
s-SWCNT solution after depolymerization and release c) Synthesis of polymer PF-PD
Figure 3a: Comparison of fresh Batch 4 and recycled 
Batch 1 PF-PD  
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Methods
• Variability in extraction of plasma torch s-SWCNT by batches 
of PF-PD
• Effects of wet versus dry toluene on quality of dispersions
• Freshly made PF-PD vs Recycled supernatant (after 
polymer removal)
• Variations between batches of fresh PF-PD
• Low molecular weight PF-PD is too easily removed by 
polymer removal treatment
• Make films from dispersions (no PR)
• TFA vapor treatment to remove polymer from films
Figure 2a: Comparison of dispersions made with wet 
versus dry toluene and Batch 3 PF-PD polymer
Conclusions: Significant amount of
s-SWCNTs are lost during the TFA
treatment but the treatment is
very effective in removing PF-PD
from the films.
Figure 4a: Comparison of PT CNTs made with Batch 1 
PF-PD vs. Batch 4 PF-PD
Conclusions: Dispersions made
with the recycled supernatant
Batch 1 PF-PD give significantly
less s-SWCNTs. This implies
that the recycled PF-PD would
need to be decomposed into
monomers and resynthesized
before reusing.
Figure 1b, 1c, 1d: SWCNTs with PF-PD,
Dispersion supernatant containing s-
SWCNT and PF-PD, m-SWCNT pellet
Conclusions: Dispersions made using this
method have variable concentrations but
are free of m-SWCNTs. The method,
therefore, is effective for enriching s-
SWCNTs.
Conclusions: Dispersions made
with water-contaminated
toluene yielded less SWCNTs
than those dispersions made
with dry toluene.
Figure 2b: Relative yield of Wet samples 3C and 4D to 
dry samples 1A and 2B
Conclusions: Batch 1 PF-PD
tends to be yield more variable
dispersions. In addition, Batch
1 appears to yield less s-SWCNT
overall. Both batches yield
enriched s-SWCNT dispersions.
Note: Based on GPC analysis
Batch 4 PF-PD is approximately
half the mass of Batch 1. The
smaller mass may explain whyfi
dispersions made with Batch 4
are so difficult to redisperse.
Figure 3b: From left to right, the first two 
dispersions made with Batch 4 PF-PD & the 
other 3 made with recycled Batch 1 PF-PD
Figure 4b: Comparison of yield fresh Batch 1 vs fresh 
Batch 4
Figure 6a: Comparison of dispersions before polymer 
removal and after redispersal
Figure 5b: Thin film during TFA treatment, red 
coloration is due to the degradation of PF-PD
Figure 5c: Toluene soak to remove degraded PF-PD 
from the film
Figure 1a: Sample spectra of PT CNTs and Batch 4
PF-PD Dispersions
Figure 5a: Comparison of s-SWCNT films sprayed 
directly from dispersions before and after TFA 
polymer removal treatment
Conclusions: Broad peaks present
after polymer removal and
redispersal are indicative of poorer
quality dispersions.
Figure 6b: Detail of peak broadening between 1500 
and 1900nm
• Barriers to Adoption
• Variability in parameters 
limits use in applications
• Polydisperse
• Length
• Diameter
• Metallic vs. Semiconducting
Remove supernatant 
and discard pellet
SWCNT 
powder + 
40mL 
toluene
Centrifuge 30mins 
at 4200rpm
Dispose of supernatant 
containing fullerenes 
Pellet remaining 
contains 
metallic and 
semiconducting 
SWCNTs 
Combine pellet 
and polymer
Bath sonicate 
mixture and place 
on tip sonicator 
for 15mins
Supernatant 
contains enriched 
s-SWCNTs
Dispersion Procedure
Overnight Polymer Removal
Centrifuge overnight 
20hrs at 0°C 
Repeat until spectra show 
no polymer peaks
Pellet remaining contains 
enriched s-SWCNTs
Ultrasonic Spray Set-up (Making Films)
Spray Conditions
130C
0.8W
20mL syringe
0.5mL/min
070 airflow
4 passes
2mm btw pass
45mm length
TFA Treatment (Polymer Removal of Films)
78°C
Toluene soak, 1min
10μg/mL TFA/toluene 
soak, 1min
TFA vapor 
treatment, 
30seconds
10μg/mL TFA/toluene
Repeat until 
spectra show no 
polymer peaks
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